INTRODUCTION {#sec1-1}
============

The success of root canal treatment depends on the control of microorganisms in infected root canals. Root canal treatment is performed in several steps; one of the most important phases is cleaning and shaping, when instruments and irrigating solutions are used. During this phase, organic and inorganic matter remaining in the root canal must be removed so that root canal filling might adapt to the canal perfectly.\[[@ref1]--[@ref6]\] A sealer along with gutta- percha is used to achieve a fluid impervious apical seal. The sealer serves as a lubricant when inserting the gutta- percha point, as a filling material to fill the irregularities of preparation, and is necessary because gutta- percha does not bond spontaneously to the dentinal walls of the prepared canal.\[[@ref7]\] During root canal preparation, a smear layer is formed on the walls of the canal\[[@ref8]\] which consists of dentin debris, including pulp remnants, bacteria and endotoxins.\[[@ref9]\] The smear layer prevents the penetration of the sealer into dentin tubule which increases the potential for microleakage.\[[@ref10]\] Hence, it has to be removed.

In addition to NaOCl, the use of a chelating agent to remove the smear layer has been proved to be essential.\[[@ref11]\] Hence, a final irrigant plays a key role in the success of a root canal treatment. Commonly used final irrigants in endodontics are ethylenediaminetetraacetic acid (EDTA),\[[@ref12]\] mixture of tetracycline, acid and detergent (MTAD)\[[@ref13]\] and 1-hydroxyethylidene-1, 1-bisphosphonate (HEBP).\[[@ref14]\] Adhesion of the root canal filling on the dentinal walls is advantageous for two main reasons. In a static situation, it should eliminate any space that allows the percolation of fluids between the obturating material and the dentin wall.\[[@ref15]\] In a dynamic situation, it is needed to resist dislodgement of the filling during subsequent manipulation.\[[@ref16]\] A fluid tight seal cannot be obtained without the use of a sealer, because gutta-percha does not spontaneously bond to dentin walls.\[[@ref17]\]

There have been no reports comparing the effect of HEBP with MTAD and EDTA when employed as final rinse on the shear bond strength, of commonly employed endodontic sealer. Hence the aim of our study has been to evaluate the effect of various final irrigants (EDTA, MTAD and HEBP) on shear bond strength of AH plus sealer.

MATERIALS AND METHODS {#sec1-2}
=====================

Forty freshly extracted human maxillary first premolars were scaled to remove all adhering soft tissue and debris, washed under running tap water, placed in distilled water, and refrigerated at 4°C. The coronal two-thirds were removed with a low speed diamond saw and the exposed dentin surfaces were employed. The teeth were fixed with cold cure acrylic resin to a plastic cylindrical ring (2cm in diameter and 2.5cm deep). The rings were filled with auto polymerizing polymethyl methacrylate resin (PMMA) mixed in accordance with the manufacturer\'s instructions to embed the tooth with its coronal surface exposed. After the PMMA had set, the coronal surface of tooth was ground with wet waterproof polishing paper through grades 240, 320, 400, and 600 on a Handimet grinder (Buehler, Lake Bluff, U.S.A) to get a flat, superficial layer of dentin. Three strokes in two directions perpendicular to each other for every grade served to standardize the surface preparation of the dentin. The smear layer was not disturbed. The prepared teeth were divided into four test groups comprising 10 teeth each: All the test groups had an initial rinse of 1.3% NaOCl for 20 min followed by the specific final rinses for each group: Group I samples were irrigated with distilled water (Control), Group II with 17% EDTA for 1 min, group III with 18% HEBP for 5 min and group IV with MTAD for 5 min.

Polyethylene tubes were cut to form 3mm high cylinders. These cylinders were used to apply the sealers on to the dentin with a constant surface area of 3.45cm^2^. To restrict the sealer to a particular area of dentin, adhesive Teflon tape with a hole with respect to the size of the cylinder\'s contact area was affixed to the dentin.\[[@ref18]\] A window to the predetermined bond area was provided by this hole. The epoxy type sealer (AH plus, Dentsply De Trey, Gmbh, Konstanz, Germany) was left overnight in a conditioned temperature and humidity room (22°C and 25%). After their initial set, they were transferred to an incubator at 37°C. All the specimens were then stored for a period of 1 week. The specimens were removed from the incubator; air dried, and then they were engaged perpendicularly at their bases on a universal testing machine (Model 4411, Instron, warren, Michigan) at a crosshead speed of 0.5mm/min. The probe was positioned so that the chisel would travel parallel to the dentinal surface and contact the sealer cylinder at its interface with this surface. The shear force required to separate the cylinder from the dentin was recorded in Newtons (N) for each specimen, then divided by the contact surface area to determine the shear bond strength in mega pascals (MPa).

Statistical analysis {#sec2-1}
--------------------

One - Way ANOVA followed by Tukey\'s test was used to analyze the data. Significance was established at *P*\< 0.05 level.

RESULTS {#sec1-3}
=======

Comparing the shear bond strengths, EDTA (group II -- 6.36 ± 0.805 Mpa) showed the highest bond strength which was followed by HEBP (group III - 5.34 ± 0.708 Mpa), control (group I -- 3.48 Mpa), MTAD (group IV- 2.36 ± 1.061 Mpa) \[[Table 1](#T1){ref-type="table"}\].Comparing EDTA and HEBP, no statistical difference was found between them.Statistical difference was found between EDTA, HEBP to control and MTAD.Comparing the control and MTAD, control was statistically better than MTAD.
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DISCUSSION {#sec1-4}
==========

Leakage studies are much more common than adhesion studies in evaluating the fluid impervious apical seal of various endodontic sealers. However, it has been shown, on the teeth, that leakage study methods may provide varying results.\[[@ref19]\] In addition, leakage studies do not reveal which of the two interfaces, dentine--sealer or gutta-percha--sealer, is leaking. They also do not furnish any insight on the mechanism of how the combination of two different materials can contribute to an apical seal.\[[@ref20]\] Adhesion tests measure either tensile bond strength, where the bond is broken by a force perpendicular to the interface between material and surface, or shear strength where the force is parallel to the interface between the material and surface. The shear test was developed for measuring the bond of endodontic sealers to dentine and gutta-percha, and has been proven to be effective and reproducible.\[[@ref21][@ref22]\] This test model does not replicate clinical conditions. Attempts to closely duplicate these have resulted in complicated models that are difficult to reproduce and sometimes even to interpret.\[[@ref23]\] Root dentine is not uniform and the surface of the canal walls that has been prepared during the endodontic treatment may differ widely. This is true not only between specimens, but also between sites in the same root, according to the level or even the direction of the wall-proximal or faciolingual. Therefore, coronal, rather than root dentine, was used for better reproducibility. Eldeniz *et al*, tested three resin-based sealers and found that AH plus exhibited the highest shear bond strength values to dentin.\[[@ref24]\] Hence in our study we used AH plus sealer.

In our study EDTA showed higher bond strength, which is in concurrence with previous studies that have employed NaOCl followed by 17% EDTA as final irrigants.\[[@ref24][@ref25]\] EDTA showed higher bond strength followed by HEBP, the possible reason might be due to the removal of smear layer. Smear layer removal procedures allow the sealer penetration into the dentinal tubules and thus could increase the dentin bond strength of resin based sealer as well as an enhanced seal.\[[@ref24][@ref26]\] Other possible reason might be the depth of demineralized zone, which is a critical factor. Garcia-godoy *et al*,\[[@ref27]\] showed that the EDTA created demineralized dentin zone about 2-4μm deep. Being a soft chelating agent, HEBP creates demineralized dentin zone less compared to EDTA.

Even though MTAD had better smear layer removal efficacy and demineralized dentin zone (8 to 12μm) compared to EDTA and HEBP, shear bond strength showed less. Reason for that might be the degradation product,\[[@ref28]\] which might interfere in the sealing ability of the sealers. Tay *et al*, reported red-purple staining of light-exposed, root-treated dentine when root canals were rinsed with 1.3% NaOCl as initial rinse, followed by the use of MTAD as final rinse.\[[@ref28]\] This reaction is of redox nature that highly resembled the previous mechanism of tetracycline staining. This process involves the oxidation of doxycycline by NaOCl wherein 1 mol of oxygen is absorbed per mole of adsorbed tetracycline and converted to a red-purple product. This red-purple degradation product that resulted from photo-oxidation of doxycycline was found to be 4-alpha, 12-alpha-anhydro- 4-oxo-4-dedi methylaminotetracycline (AODTC) with a high affinity for hydroxyl apatite. The conversion of dentine bound yellow precipitate to red-purple-stained dentine probably requires light exposure, as stained dentine was absent when the specimens were stored in the dark but appeared when the light-protected specimens were subsequently exposed to light.\[[@ref28]\]

Conclusion {#sec1-5}
==========

From the shear bond aspect, EDTA was the better irrigant to be used as a final rinse.
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